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(57) ABSTRACT

A particulate positive electrode active material for a lithium
secondary cell which satisfies high charge and discharge
cyclic durabaility, high safety, high temperature storage prop-
erties, a high discharge average voltage, large current dis-
charge properties, a high weight capacity density, a high
volume capacity density, etc. in a well-balanced manner 1s
provided. A particulate positive electrode active material for
a lithium secondary cell, which 1s represented by the formula
L1,Co M O.F, (wherein M 1s at least one element selected
from Groups 2 to 8, 13 and 14 of the Periodic Table,
0.9=p=1.1, 0.980=x=0.9999, 0.0001=y=0.02,
1.92z=2.1, 0.9=x+y=1 and 0.0001=a=0.02), wherein
fluorine atoms and element M are unevenly distributed on
the particle surface, the atomic ratio of fluorine atoms to
cobalt atoms (a/x) 1s from 0.0001 to 0.02, and in powder
X-ray diffraction using CuKao-ray, the half value width of
the angle of diffraction on (110) plane 1s from 0.06 to 0.13°,

and the half value width of the angle of diffraction on (003)
plane 1s from 0.05 to 0.12°.

14 Claims, No Drawings
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PARTICULATE POSITIVE ELECTRODE
ACTIVE MATERIAL FOR A LITHIUM
SECONDARY CELL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a particulate positive
clectrode active material for a lithium secondary cell which
tavorably satisfies characteristics such as high charge and
discharge cyclic durability, high safety, high temperature
storage properties, a high discharge average voltage, large
current discharge properties, a high weight capacity density
and a high volume capacity density.

2. Discussion of Background

Recently, as the portability and cordless tendency of
various electronic equipment have progressed, a demand for
a non-aqueous electrolytic secondary cell which 1s small 1n
s1ize and light in weight and has a high energy density, has
been increasingly high, and development of a non-aqueous
clectrolytic secondary cell having excellent characteristics
has been desired more than ever before.

In general, a positive electrode active material employed
for a non-aqueous electrolytic secondary cell comprises a
composite oxide comprising lithum as the main active
material and a transition metal represented by cobalt, nickel
or manganese solid-solidified 1n lithium. Electrode charac-
teristics such as the electric capacity, the reversibility, the
operation voltage and the safety very depending upon the
type of the transition metal to be used.

For example, non-aqueous eclectrolytic secondary cells
employing an R-3m rhombohedral bedded-salt composite
oxide having cobalt or nickel solid-solidified therein, such as
L1Co0, or LiNi1, ;Co, ,O,, for the positive electrode active
material, provide relatively high capacity densities of from
140 to 160 mAh/g and from 180 to 200 mAh/g, respectively,
and provide favorable reversibility at a high voltage region
of from 2.5 to 4.3 V. However, when such a cell 1s heated,
the cell 1s likely to generate heat due to the reaction of the
positive electrode active material and an electrolytic solvent
at the time of charging.

JP-B-7-32017 discloses a positive electrode active mate-
rial for a lithium secondary cell, having a part of Co 1n the
composite oxide of L1CoO, replaced with Ti, Nb or Ta to
improve cyclic discharge properties. Further, Japanese
Patent No. 2835877 discloses a positive electrode active
material for a lithium secondary cell, having a part of Co in
the composite oxide of LiCoQO, replaced with Zr to improve
cyclic discharge properties. It is true that the cyclic discharge
properties 1mprove with these positive electrode active
materials for a secondary cell, however, the safety tends to
decrease, and the capacity tends to decrease also, such being
unsatisfactory.

Further, Japanese Patent No. 3141858 discloses a positive
clectrode active matenal for a lithium secondary cell com-
prising a composite oxide of L1 M,0O X , (wherein M 1s at
least one member of Cr, Mn, Fe and Co, and X 1s a halogen
such as fluorine). A positive electrode of such a composite
oxide 1s considered to provide favorable characteristics such
as cyclic properties and storage stability even at a tempera-
ture of at least 50° C. However, of the positive electrode
comprising such a positive electrode active material,
although the cyclic durability improves or the storage sta-
bility improves, on the other hand, the initial capacity
density and the discharge average voltage tend to decrease,
and the large current discharge properties are unsatisfactory,
and further improvement has been desired.
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As described above, among conventional positive elec-
trode active material for a lithtum secondary cell, no positive
clectrode active material which satisfies characteristics such
as high safety, high charge and discharge cyclic durability,
high temperature storage properties, a high discharge aver-
age voltage, large current discharge properties, a high weight
capacity density and a high volume capacity density in a
well-balanced manner, has been obtained.

It 1s an object of the present mmvention to provide a
particulate positive electrode active material for a lithium
secondary cell, which favorably satisfies characteristics such
as high safety, high charge and discharge cyclic durability,
high storage properties, a high discharge average voltage,
large current discharge properties, a high weight capacity
density and a high volume capacity density 1n a well-
balanced manner.

SUMMARY OF THE INVENTION

To achieve the above object, the present imnventors have
conducted extensive studies and as a result, found that when
a specific amount of a specific metal element and a specific
amount of fluorine are simultaneously added to a particulate
positive electrode active material comprising lithium cobalt
oxide as a main body for a lithium secondary cell, charac-
teristics of the obtained lithium secondary cell, such as high
charge and discharge cyclic durability, high safety, high
temperature storage properties, a high discharge average
voltage, large current discharge properties, a high weight
capacity density and a high volume capacity density are
synergistically increased and are provided in a well-bal-
anced manner as compared with a case where they are
separately added.

Some of the above-described prior arts disclose to add
fluorine to a particulate positive electrode active material so
as to improve charge and discharge cyclic properties of the
positive electrode. However, in this case, although the
charge and discharge cyclic properties improve, the dis-
charge capacity per weight remarkably decreases, such
being unpractical. In the present invention, the cyclic dura-
bility and other characteristics improve without such a
substantial decrease of the discharge capacity.

The mechanism why the above excellent characteristics
can be obtained 1n a well-balanced manner in the present
invention 1s not necessarily clear, however, 1t 1s estimated
that the above specific metal element 1s present on the
surface of lithium cobalt oxide particles, thus the surface of
the positive electrode particles 1s covered with a coating of
¢.g. an oxide of the metal, whereby fluorine 1s more likely
to be unevenly distributed on the surface of the positive
clectrode particles, and replacement of oxygen atoms of the
lithium cobalt oxide lattice of the positive electrode with
fluorine atoms 1s less likely to take place. On the other hand,
in the above-described prior arts, 1t 1s considered to be one
reason that a part of added fluorine replaces oxygen atoms
of the lithium cobalt oxide lattice, thus the amount of cobalt
atoms capable of participating 1n the charge and discharge
decreases, and as a result, the discharge capacity remarkably
decreases.

Namely, the particulate positive electrode active material
for a lithium secondary cell of the present invention 1is
characterized as follows.

(1) A particulate positive electrode active material for a
lithtum secondary cell, which 1s represented by the for-

mula L1,Co, M, O.F , (wherein M 1s at least one element
selected from Groups 2 to 8, 13 and 14 of the Periodic
Table, 0.9=p=1.1, 0.980=x=0.9999, 0.0001=y=0.02,
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1.92z=2.1, 0.9=x+y=1 and 0.0001 =a=0.02), wherein
fluorine atoms and element M atoms are unevenly dis-
tributed on the particle surface, the atomic ratio of fluorine
atoms to cobalt atoms (a/x) 1s from 0.0001 to 0.02, and 1n

powder X-ray diffraction using CuKa-ray, the half value

width of the angle of diffraction on (110) plane 1s from
0.06 to 0.13°, and the half value width of the angle of
diffraction on (003) plane 1s from 0.05 to 0.12°.

(2) The particulate positive electrode active material for a
lithium secondary cell according to (1), wherein no crys-
talline metal fluoride detectable by means of an X-ray
diffraction method 1s present on the particle surface.

(3) The particulate positive electrode active material for a
lithium secondary cell according to (1) or (2), wherein the
fluorine atoms are unevenly distributed within 100 nm
from the particle surface, and the element M atoms are
unevenly distributed within 100 nm from the particle
surface.

(4) The particulate positive electrode active material for a
lithium secondary cell according to (1), (2) or (3), wherein
at least a part of the fluorine atoms 1s a solid solution
replaced with oxygen atoms 1n the interior of the particles,
and at least a part of the element M atoms 1s a solid
solution which replaces cobalt atoms 1n the interior of the
particles.

(5) The particulate positive electrode active material for a
lithium secondary cell according to any one of (1) to (4),
wherein the element M 1s at least one member selected
from Zr, T1, V, Nb, Ge, Sn, Al, In, Y, Mo, W, Ga, Mg, Cr,
Mn and Fe.

(6) The particulate positive electrode active material for a
lithium secondary cell according to any one of (1) to (5),
wherein when the element M 1s bivalent, trivalent or
tetravalent, the 10n radius of the element M 1s from 0.3 to

0.9 A.

(7) A process for producing the particulate positive electrode
active material for a lithium secondary cell as defined in
any one of (1) to (6), which comprises firing a mixture of
at least one member selected from an element M-contain-
ing oxide, an element M-containing hydroxide and an
clement M-containing oxyhydroxide, lithium {fluonide,
and cobalt hydroxide, cobalt oxyhydroxide or cobalt
oxide, and lithium carbonate, at from 600 to 1050° C. 1n
an oxygen-containing atmosphere for from 1 to 48 hours.

(8) A process for producing the particulate positive electrode
active material for a lithium secondary cell as defined in
any one ol (1) to (6), which comprises firing a mixture of
an element M-containing fluoride, and cobalt hydroxide,
cobalt oxyhydroxide or cobalt oxide, and lithium carbon-
ate, at from 600 to 1050° C. 1n an oxygen-containing,
atmosphere for from 1 to 48 hours.

(9) A process for producing the particulate positive electrode
active material for a lithium secondary cell as defined in
any one of (1) to (6), which comprises firing a mixture of
at least one member selected from an element M-contain-
ing oxide, an element M-containing hydroxide element,
an M-contaiming oxyhydroxide and an element M-con-
taining fluoride, lithium fluoride (except for a case where
an element M-containing fluoride 1s used), cobalt hydrox-
ide and/or cobalt oxyhydroxide formed by agglomeration
of a large number of primary particles, and lithium
carbonate, at from 600 to 1050° C. 1n an oxygen-contain-
ing atmosphere for from 1 to 48 hours.

Now, the present invention will be explained 1n further
detail.
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DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

As mentioned above, the particulate positive electrode
active material for a lithtum secondary cell of the present
invention has a tormula of L1,Co M, O,F,. In such a for-
mula, M, p, X, v, z and a are as defined above. Among them,
P, X, v, Z and a are preferably as follows: 0.97=p=1.03,
0.990=x=0.999, 0.001 =y=0.01, 1.95=2z=2.05, 0.95=x+
y=1 and 0.0002=a=0.01. a 1s particularly preferably from
0.0005 to 0.008 1n view of development of cell performance.

Further, the element M 1s at least one member of elements
of Groups 2 to 8, 13 and 14 of the Periodic Table. The
clement of Group 2 of the Periodic Table may, for example,
be Be, Mg, Ca, Sr or Ba. The element of Group 3 of the
Periodic Table may, for example, be Sc, Y, a lanthanoid
clement or an actinoid element. The element of Group 4 of
the Periodic Table may, for example, be T1, Zr or Hi. The
clement of Group 5 of the Periodic Table may, for example,
be V, Nb or Ta. The element of Group 6 of the Periodic Table
may, for example, be Cr, Mo or W. The element of Group 7
of the Periodic Table may, for example, be Mn, Tc or Re. The
clement of Group 8 of the Periodic Table may, for example,
be Fe, Ru or Os. The element of Group 13 of the Periodic
Table may, for example, be B, Al, Ga, In or Tl. The element
of Group 14 of the Periodic Table may, for example, be Si,
(Ge, Sn or Pb.

Among them, the element M 1s preferably an element
having an ion radius of from 0.3 to 0.9 A, particularly from
0.4 to 0.8 A, when it is bivalent, trivalent or tetravalent. The
ion radius of the element M 1s disclosed in “Electronic
Conduction 1 Oxides”, Nobuo Tsuda et al, Springer Series
in solid-state sciences (1993, published by Shokabo), page
25, the Periodic Table 2-1. In the case of such elements, the
above eflect of improving cell characteristics are sufliciently
provided. This 1s considered to be because with an element
having such properties, the cobalt atoms on the crystal
surface of lithium cobalt oxide can undergo stable replace-
ment. Among such elements M, particularly preferred 1s at
least one member selected from Mg, Sc, T1, Zr, Hi, V, Nb,
Ta, Cr, Mo, W, Mn, Fe, Al, Ga, In, Ge and Sn. Namely, when
the element M 1s at least one member selected from Zr, Ti,
V, Nb, Ge and Sn, such characteristics are obtained that the
safety 1s relatively high, the charge and discharge cyclic
durability 1s excellent, and the discharge properties and the
discharge voltage are high particularly at a large current.
Among them, Zr 1s particularly preferred since both the
welght capacity density (mAh/g) and the volume capacity
density (which 1s proportional to the positive electrode
powder density) can be made high, 1n addition to the above
characteristics. Further, when the element M 1s at least one
member selected from Al, In, Y, Mo, W, Ga, Mg, Cr, Mn and
Fe, such characteristics are obtained that the charge and
discharge cyclic durability 1s good, particularly decrease 1n
the 1nitial weight capacity 1s small, and the safety 1s par-
ticularly high. Among them, Mg and Al are particularly
preferred since such characteristics are obtained that the
safety 1s high while the charge and discharge cyclic dura-
bility 1s remarkably high, and the volume capacity density 1s
high also. Further, the positive electrode active matenal of
the present invention has such a characteristic also that the
volume development ratio after the secondary cell 1s stored
at a high temperature 1s high. Here, the positive electrode
active material of the present invention may contain another
clement within a range not impairing its characteristics.

The positive electrode active material for a lithium sec-
ondary cell of the present invention 1s preferably in a
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spherical particulate form, and the average particle size 1s
preferably from 2 to 15 um, particularly preferably from 3
to 9 um. If the average particle size 1s smaller than 2 um,
formation of a dense electrode layer tends to be diflicult, and
i 1t exceeds 15 um, formation of a smooth electrode layer
surface tends to be difficult, such being unfavorable.

It 1s required of the particulate positive electrode active
material of the present invention that fluorine atoms and the
clement M atoms are substantially unevenly distributed on
the particle surface. In other words, 1t 1s required that
substantially no tluorine atoms or element M 1s present 1n the
inetrior of the particles. In such a case, since the fluorine
atoms and the element M are locally present on the surface
of the positive electrode active matenal, effects can be
provided by addition of an extremely small amount. The
cllects of the present invention can not be obtained when
they are present in the interior. In a case where fluorine
atoms and the element M are added to the interior 1n order
to obtain the effects of the present mvention such as high
satety, high cyclic durability, the large current discharge
properties and the high temperature storage stability, addi-
tion of a large amount 1s necessary. When they are added in
a large amount, decrease 1in the 1mitial capacity, decrease 1n
the large current discharge properties, decrease 1n the high
temperature storage stability, etc. may be brought about on
the contrary. Particularly, fluorine atoms are unevenly dis-
tributed preferably within 100 nm, particularly preferably
within 30 nm from the particle surface. Further, the element
M atoms are unevenly distributed preterably within 100 nm,
particularly preferably within 30 nm from the particle sur-
tace. It 1s preferred that a part of fluorine atoms unevenly
distributed on the particle surface of the positive electrode
active material 1s a solid-solution replaced with oxygen
atoms 1n the interior of the particles, and a part of the
clement M atoms 1s a solid-solution which replace cobalt
atoms 1n the interior of the particles. In such a case, the
cobalt and oxygen atoms on the particle surface of the
positive electrode active material are not exposed, the effect
of adding the elements 1s more likely to be obtained, such
being favorable. Resultingly, the safety, the charge and
discharge cyclic durability, the large current discharge prop-
erties, the high temperature storage properties, etc. are
cllectively improved.

It was found that preferably no crystalline metal fluoride
detectable by means of an X-ray diffraction method 1is
present on the particle surface of the particulate positive
clectrode active material of the present invention 1n view of
characteristics. If such a crystalline metal fluoride 1s present,

the 1nitial capacity tends to decrease, such being unfavor-
able.

The atomic ratio of fluorine atoms to cobalt atoms (a/x)
contained in the particulate positive electrode active material
of the present mvention 1s important since it has influence
over the 1itial capacity, the safety, the charge and discharge
cyclic durability, the large current discharge properties and
the high temperature storage properties of the positive
clectrode active material, and 1t was found that 1ts range 1s
required to be from 0.0001 to 0.02. If the atomic ratio 1s
smaller than 0.0001, the effect of improving the safety and
the eflect of improving the charge and discharge cyclic
durability tend to decrease, such being unfavorable. On the
other hand, 11 1t exceeds 0.02, decrease 1n the 1nitial capacity
tends to be remarkable, such being unfavorable. Particularly,
the atomic ratio of fluorine atoms to cobalt atoms 1s pref-
erably from 0.0002 to 0.01, particularly preferably from
0.0005 to 0.008.
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Further, 1t 1s required of the particulate positive electrode
active material of the present invention that in powder X-ray
diffraction using CuKa.-ray, the half value width of the angle
of diffraction on (110) plane 1s from 0.06 to 0.13°, and the
half value width of the angle of diffraction on (003) plane 1s
from 0.05 to 0.12°. It was found that 1n such a case, excellent
characteristics can be obtained 1n view of the nitial volume
capacity density, the initial weight capacity density, the
initial charge and discharge efliciency and the cyclic dura-
bility. On the other hand, if the above half value width on
(110) plane 1s smaller than 0.06°, the large current discharge
properties tend to decrease. On the contrary, if 1t exceeds
0.12°, the cyclic durability tends to decrease. Particularly,
the haltf value width on (110) plane 1s preterably from 0.07
to 0.12°. Further, if the above half value width on (003)
plane 1s smaller than 0.05°, the large current discharge
properties tend to decrease. On the contrary, if 1t exceeds
0.12°, the cyclic durability tends to decrease. Particularly,
the half value width on (003) plane 1s preferably from 0.06
to 0.11°.

Further, the particulate positive electrode active material
of the present invention preferably has a press density of
from 2.7 to 3.3 g/cm”. If the press density is smaller than 2.7
g/cm”, when a positive electrode sheet is formed by means
of the particulate positive electrode active material, the
initial volume capacity density of the positive electrode
tends to be low, and on the contrary, 11 1t 1s higher than 3.3
g/cm”, the initial weight capacity density of the positive
clectrode tends to decrease, or the high-rate discharge prop-
erties tend to decrease, such being unfavorable. Particularly,
the press density of the particulate positive electrode active
material is preferably from 2.9 to 3.2 g/cm”. In the present
invention, 1t 1s preferred to use, as the cobalt matenal,
substantially spherical cobalt oxyhydroxide 1n the form of
secondary particles formed by agglomeration of a large
number of primary particles, so that the press density can be
increased. Here, the press density 1s a numerical value
obtained from the volume and the powder weight when a
powder is pressed under a pressure of 0.32 t/cm”.

Further, the specific surface area of the particulate posi-
tive electrode active material of the present invention 1s
preferably from 0.2 to 1 m®/g. If the specific surface area is
smaller than 0.2 m*/g, the discharge capacity per initial unit
weight tends to decrease, and on the contrary, 1 it exceeds
1 m?/g also, the discharge capacity per initial unit volume
tends to decrease, and no excellent positive electrode active
material which 1s the object of the present mnvention can be
obtained. The specific surface area is particularly preferably
from 0.3 to 0.7 m*/g.

The method for producing the particulate positive elec-
trode active material of the present invention 1s not particu-
larly limited, and it can be produced by a known method. For
example, as the cobalt. material, cobalt hydroxide, tricobalt
tetraoxide or cobalt oxyhydroxide 1s used. Among them,
cobalt oxyhydroxide or cobalt hydroxide 1s preferred since
high cell performance can be obtained. Particularly pre-
ferred 1s cobalt oxyhydroxide and/or cobalt hydroxide, of
which secondary particles are formed by agglomeration of a
large number of primary particles. As such a material, one of
which the primary particle size 1s from 0.3 to 5 um and from
30 to 200 primary particles of which are agglomerated to
form a secondary particle may, for example, be mentioned.
When such a material 1s used, the press density of the
positive electrode powder can be increased, and as a result,
the volume capacity density can be increased. As the mate-
rial of the element M, an oxide, a hydroxide, a chloride, a
nitrate, an organic salt, an oxyhydroxide or a fluoride 1s
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preferred, and among them, a hydroxide, an oxyhydroxide
or a fluoride 1s preferred since high cell performance 1s likely
to be obtained. As the lithium material, lithium carbonate or
lithium hydroxide i1s preferred. Further, as the fluorine
material, lithtum fluoride, aluminum fluoride or magnesium
fluoride 1s preferred. A mixture of these material substances,
preferably a mixture of at least one member selected from an
clement M-containing oxide, an element M-containing
hydroxide and an element M-containing oxyhydroxide,
lithium fluoride, and cobalt hydroxide, cobalt oxyhydroxide
or cobalt oxide, and lithium carbonate 1s fired 1n an oxygen-
containing atmosphere at from 600 to 1050° C., preferably
from 850 to 1000° C. for preferably from 1 to 48 hours,
particularly preferably from 4 to 20 hours, to convert the
mixture to a composite oxide. Further, when an element
M-containing fluoride 1s used 1nstead of the element M-con-
taining compound and lithium fluoride, favorable cell per-
formance can be obtained.

As the oxygen-containing atmosphere, use of an oxygen-
containing atmosphere having an oxygen concentration of
preferably at least 10 vol %, particularly preferably at least
40 vol %, 1s preferred. With the composite oxide, the above
essentialities of the present mvention can be satisfied by
changing the type of the materials, the mixing composition
and firing conditions. Further, in the present invention,
preliminary firing may be carried out. It 1s preferred to carry
out the preliminary firing 1n an oxidizing atmosphere pret-
erably at from 4350 to 550° C. preterably for from 1 to 20
hours.

Further, production of the positive electrode active mate-
rial of the present mnvention 1s not necessarily limited to the
above process, and 1t may be produced, for example, by
preparing a positive electrode active material employing a
metal fluoride, oxide and/or hydroxide as a material, fol-
lowed by a surface treatment by means of a fluorinating
agent such as fluorine gas, NF, or HF.

The method to obtain a positive electrode for a lithium
secondary cell from the particulate positive electrode active
material of the present invention may be carried out in
accordance with a conventional method. For example, a
carbon type conductive material such as acetylene black,
graphite or Ketjenblack and a binding material are mixed
with a powder of the positive electrode active material of the
present imvention to form a positive electrode mixture. As
the binding maternial, polyvinylidene fluoride, polytetratiuo-
roethylene, polyamide, carboxymethyl cellulose or acrylic
resin may, for example, be used. A slurry having the above
positive electrode mixture dispersed 1n a dispersion medium
such as N-methylpyrrolidone 1s coated and dried on a
positive electrode current collector such as aluminum foil,
tollowed by press rolling, to form a positive electrode active
material layer on the positive electrode current collector.

With respect to a lithium cell using the positive electrode
active material of the present mvention for the positive
clectrode, as a solvent of the electrolytic solution, a carbonic
ester 1s preferred. As the carbonic ester, each of a cyclic type
and a chain type can be used. As the cyclic carbonic ester,
propylene carbonate or ethylene carbonate (EC) may, for
example, be mentioned. As the chain carbonic ester, dim-
cthyl carbonate, diethyl carbonate (DEC), ethyl methyl
carbonate, methyl propyl carbonate or methyl 1sopropyl
carbonate may, for example, be mentioned.

The carbonic ester may be used alone or by mixing at least
two types. Further, 1t may be used by mixing with another
solvent. Further, according to the material of the negative
electrode active material, 1f the chain carbonic ester 1s used
together with the cyclic carbonic ester, there 1s a case where
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the discharge properties, the cyclic durability or the charge
and discharge eiliciency can be improved. Further, to such
an organic solvent, a vinylidene fluoride-hexatluoropropy-
lene copolymer (for example, KYNAR manufactured by
ELF Atochem) or a vinylidene fluonde-perfluoropropyl
vinyl ether copolymer may be added and the following
solute may be added to obtain a gel polymer electrolyte.

As the solute of the electrolytic solution, at least one
member of lithium salts 1s preferably used, wherein e.g.
ClO,—, CF;SO,—, BF,—, PF.—, AsF.—, SbF. —,
CF,CO,— or (CF;S0,),N— 1s anion. For the electrolytic
solution or the polymer electrolyte, it 1s preferred to add the
clectrolyte comprising a lithium salt to the solvent or the
solvent-containing polymer at a concentration of from 0.2 to
2.0 mol/L. If the concentration departs from this range, 10nic
conductivity will decrease, and the electrical conductivity of
the electrolyte will decrease. More preferably, 1t 1s from 0.5
to 1.5 mol/L. For the separator, a porous polyethylene or a
porous propylene film may be used.

The negative electrode active material of the lithium cell
using the positive electrode active material of the present
invention for the positive electrode 1s a material which can
occlude and discharge lithium 1ons. The maternial forming
the negative electrode active maternial 1s not particularly
limited, however, lithium metal, a lithium alloy, a carbon
material, an oxide comprised of, as main body, a metal of
Group 14 or Group 15 of the Periodic Table, a carbon
compound, a silicon carbide compound, a silicone oxide
compound, titanium sulfide or a boron carbide compound
may, for example, be mentioned.

As the carbon material, an organic material which 1s
subjected to thermal decomposition under various thermal
decomposition conditions, artificial graphite, natural graph-
ite, soil graphite, exioliated graphite or squamation graphite
etc. can be used. Further, as the oxide, a compound com-
prising tin oxide as a main body can be used. As the negative
clectrode current collector, a copper foil, a nickel foil etc.
can be used.

The shape of the lithium secondary cell using the positive
clectrode active material of the present mvention is not
particularly limited. Sheet (so-called film), folding, winding
type cylinder with bottom or button shape etc. 1s selected
according to use.

Now, the present invention will be explained with refer-
ence to specific Examples 1 to 24 and Comparative
Examples 1 to 8. However, the present invention 1s by no
means restricted to such specific Examples.

In the following Examples and Comparative Examples, of
the positive electrode active material powder, the specific
surface area was obtained by means of a nitrogen adsorption
method, and the average particle size was obtained by means
of a laser scattering type particle size distribution meter.

EXAMPLE 1

A tricobalt tetraoxide powder, a lithtum carbonate pow-
der, a zirconium oxide powder and a lithtum fluoride powder
were mixed in predetermined amounts. After dry mixing of
these four types ol powders, the mixture was fired for 12
hours at 960° C. in the air atmosphere. The powder after
firing was subjected to wet dissolution, contents of coballt,
zirconium, fluorine and lithium were measured by means of
ICP, a fluoride 10n electrode and atomic absorption analysis
and as a result, the composition of the powder was
L1C0, 665215 00501 9950F 5 0071, and the F/Co atomic ratio

was 0.0071.
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With respect to the powder (positive electrode active
maternal powder) after firing, an X-ray diffraction spectrum
was obtained by means of RINT 2100 model X-ray diffrac-
tion device manufactured by Rigaku Industrial Corporation.
As the measuring conditions, the voltage was 40 KV, the
current was 40 mA, the sampling width was 0.004°, the
scanning rate was 0.5°/min and the receiving slit was 0.15
mm. In the powder X-ray diffraction using CuKao.-ray, the
half value width of a diffraction peak on (110) plane in the
vicinity of 20=66.5+1° was 0.090°, and the half value width

of a diffraction peak on (003) plane 1n the vicinity of
20=18.8+1° was 0.082°.

Further, 1n the X-ray difiraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluonide was detected. Of the powder, the specific
surface area was 0.31 m?/g, and the average particle size
D50 was 13.8 um. As a result of XPS analysis of the surface
of the powder after firing, a strong 3p signal dertved from Zr
and a strong F1 s signal derived from fluorine were detected.
The press density of the powder was 2.88 g/cm’.

Further, with respect to the sample subjected to washing
with water, XPS surface analysis was carried out and as a
result, a 3p signal derived from Zr was detected, however, a
F1 s signal dertved from fluorine was slightly detected, and
it was found that most of the fluorine atoms on the surface
were removed by washing with water.

Further, with respect to the sample after washing with
water, sputterings were carried out under conditions of 10
minutes and 20 minutes, and then XPS analysis was carried
out, whereupon no F1 s signal derived from fluorine was
detected. These sputterings correspond to surface etchings
with depths of about 30 nm and about 60 nm, respectively.
Further, with respect to particles before washing with water,
alter sputtering of 10 minutes, the signal of Zr by means of
XPS was attenuated to 12% of the signal before the sput-
tering, and 1t was found that Zr was unevenly distributed on
the particle surface.

The L1Coj 995215 50501 00-0F5 0071 powder thus obtained,
acetylene black and a polytetrafluoroethylene powder were
mixed 1n a weight ratio of 80/16/4, kneaded while adding,
toluene, and dried to prepare a positive electrode plate
having a thickness of 150 um.

Then, an aluminum foil having a thickness of 20 um was
used as the positive electrode current collector, a porous
polypropylene having a thickness of 25 um was used as the
separator, a metal lithium foil having a thickness of 500 um
was used as the negative electrode, 20 um of a mickel foil
was used as the negative electrode current collector, and 1 M
L1PF /EC+DEC (1:1) was used as the electrolytic solution,
to assemble two pieces of simplifying sealed cells made of
stainless steel 1n an argon globe box.

These two cells were charged up to 4.3 V at a load current
of 75 mA per 1 g of the positive electrode active material at
25° C., and discharged down to 2.5 V at a load current of 75
mA per 1 g of the positive electrode active material, whereby
the 1nitial discharge capacity was obtained. With respect to
one cell, the charge and discharge cycle test was further
carried out 30 times. Further, with respect to the other cell
employing the EC+DEC (1:1) solution as the electrolytic
solution, the other cell was charged for 10 hours at 4.3 V, and
then broken down in the argon globe box. The positive
clectrode body sheet was picked up after charge, and after
the positive electrode body sheet was washed, 1t was
punched out at a radius of 3 mm, and then sealed in an
aluminum capsule with EC. And then, 1t was heated at a rate
of 5° C./min by using a scanning differential calorimeter,
whereby the heat generation starting temperature was mea-
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sured. As a result, the heat generation starting temperature of
the 4.3 V charged product was 175° C. Further, the initial
discharge capacity at 25° C. at from 2.5 to 4.3 V at a
discharge rate of 0.25 C was 158.2 mAh/g, the average
discharge voltage at a discharge rate of 1.5 C was 3.872 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 98.6%.

EXAMPLE 2

A positive electrode active material powder was prepared
in the same manner as 1n Example 1 except that a titanium
oxide powder was used instead of zirconium oxide, and
composition analysis and physical property measurement of
the positive electrode active material powder and cell per-
formance tests were carried out. As a result, the composition
of the powder was L1Co, 505115 50501 00-6F 0 0074, and the
F/Co atomic ratio was 0.0074.

In X-ray diffraction of this powder, the haltf value width
of a diffraction peak on (110) plane 1n the vicinity of
20=66.5x1° was 0.116°, and the half value width of a
diffraction peak on (003) plane 1n the vicinity o1 20=18.8+1°
was 0.100°. Further, 1n the X-ray diffraction spectrum of the
powder, no spectrum of a crystalline metal fluoride attrib-
utable to lithtum fluoride was detected. Of the powder after
filing, the specific surface area was 0.35 m®/g, and the
average particle size D50 was 12.2 um. As a result of XPS
analysis of the surface of the powder, a strong T12p signal
derived from titantum and a strong F1 s signal derived from
fluorine were detected. The press density of the positive
electrode active material powder was 2.79 g/cm’.

Further, with respect to the sample subjected to washing,
with water, XPS surface analysis was carried out and as a
result, a Ti2p signal derived from titammum was detected,
however, a F1 s signal derived from fluorine was slightly
detected, and 1t was found that most of the fluorine atoms on
the surface were removed by washing with water.

Further, with respect to the sample after washing with
water, sputterings were carried out under conditions of 10
minutes and 20 minutes, and then XPS analysis was carried
out, whereupon no F1 s signal derived from fluorine was
detected. These sputterings correspond to surface etchings
with depths of about 30 nm and about 60 nm, respectively.
Further, with respect to particles before washing with water,
alter sputtering of 10 minutes, the signal of titanium by
means of XPS was attenuated to 13% of the signal before the
sputtering, and i1t was found that titanium was unevenly
distributed on the particle surface.

The L1Co, 505115 50501 0065 0074 pOWder thus obtained,
acetylene black and a polytetrafluoroethylene powder were
mixed 1n a weight ratio of 80/16/4, kneaded while adding
toluene, and dried to prepare a positive electrode plate
having a thickness of 150 um.

The heat generation starting temperature of a 43 V
charged product of the positive electrode active material
powder was 175° C. Further, the mitial discharge capacity at
25° C. at from 2.5 to 4.3 V at a discharge rate of 0.25 C was
156.2 mAh/g, the average discharge voltage at a discharge
rate of 1.5 C was 3.890 V, and the capacity retention ratio
alter 30 times of charge and discharge cycle, was 99.3%.

EXAMPLE 3

A positive electrode active material powder was prepared
in the same manner as i Example 1 except that niobium
oxide was used instead of zirconium oxide, and 1ts compo-
sition analysis and physical property measurement, and cell
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performance tests were carried out. As a result, the compo-
sition of the powder was [1Co, 6sNby 50501 69520 0972
and the F/Co atomic ratio was 0.0072. Further, 1n powder
X-ray diffraction using CuKa-ray, the half value width of a
diffraction peak on (110) plane 1n the vicinity of 20=66.5x£1°
was 0.085°, and the half value width of a diffraction peak on

(003) plane in the vicinity of 20=18.8+1° was 0.064°. The
press density of the powder was 2.85 g/cm”.

Further, in the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium tluoride was detected. Of the powder after firing, the
specific surface area was 0.34 m*/g, and the average particle
s1ize D50 was 14.4 um. Fluorine and niobium were unevenly
distributed on the surface.

Of a 4.3 V charged product of the positive electrode active
material powder, the heat generation starting temperature
was 179° C. The mitial discharge capacity at 25° C. at from
2.5 10 4.3 V at a discharge rate of 0.25 C was 156.6 mAh/g,
the average discharge voltage at a discharge rate of 1.5 C
was 3.876 V, and the capacity retention ratio after 30 times
of charge and discharge cycle was 97.4%.

EXAMPLE 4

A positive electrode active material was prepared 1n the
same manner as 1 Example 1 except that aluminum oxide
was used istead of zircomum oxide, and 1ts composition
analysis and physical property measurement, and cell per-
formance tests were carried out. As a result, the composition
was L1Co; 995Aly 00501 09--F5 0073, and the F/Co atomic
ratio was 0.0073. Further, in powder X-ray diflraction using,
CuKa-ray, the half value width of a diffraction peak on (110)
plane 1n the vicinity of 20=66.5£1° was 0.075°, and the half
value width of a diffraction peak on (003) plane 1n the
vicinity of 20=18.8+£1° was 0.064°. The press density of the
powder was 2.89 g/cm”.

Further, in the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.27 m*/g, and the average particle
s1ze D350 was 14.3 um. As a result of XPS analysis of the
surface of the powder, a strong 2 s signal derived from Al
and a strong F1 s signal derived from fluorine were detected.

Further, with respect to the sample after washing with
water, sputterings were carried out under conditions of 10
minutes and 20 minutes, and then XPS analysis was carried
out, whereupon no F1 s signal derived from fluorine was
detected. These sputterings correspond to surface etchings
with depths of about 30 nm and about 60 nm, respectively.
Further, with respect to particles before washing with water,
alter sputtering of 10 minutes, the signal of Al by means of
XPS was attenuated to 15% of the signal before the sput-
tering, and 1t was found that Al was unevenly distributed on
the particle surface. Further, fluorine and aluminum were
unevenly distributed on the surface.

The heat generation starting temperature of a 4.3 V
charged product of the positive electrode active material
powder was 175° C. The mitial discharge capacity at 25° C.
at from 2.5 to 4.3 V at a discharge rate of 0.25 C was 138.3
mAh/g, the average discharge voltage at a discharge rate of
1.5 C was 3.866 V, and the capacity retention ratio after 30
times of charge and discharge cycle, was 99.3%. After a
storage test for 30 days at 60° C. of the 4.3 V charged cell,
the capacity development ratio of the cell was 93%.
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EXAMPLE 5

A positive electrode active material was prepared in the
same manner as in Example 1 except that yttrium oxide was
used 1nstead of zirconium oxide, and 1ts composition analy-
s1s and physical property measurement, and cell perfor-
mance tests were carried out. As a result, the composition
was L1C0o4 605 Y5 00507 0030F 0 0070, and the F/Co atomic
ratio was 0.0070. Further, in powder X-ray diflraction using
CuKa-ray, the half value width of a diffraction peak on (110)
plane 1n the vicinity of 20=66.5£1° was 0.085°, and the half
value width of a diffraction peak on (003) plane 1n the
vicinity of 20=18.8x1° was 0.092°. The press density of the
powder was 2.85 g/cm”.

Further, 1in the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.28 m*/g, and the average particle
s1ze D30 was 15.1 um. Fluorine and yttrium were unevenly
distributed on the surface.

Of a 4.3 V charged product of the positive electrode active
material powder, the heat generation starting temperature
was 185° C. The mitial discharge capacity at 25° C. at from
2.5 10 4.3 V at a discharge rate of 0.25 C was 160.9 mAh/g,
the average discharge voltage at a discharge rate of 1.5 C
was 3.845 V, and the capacity retention ratio after 30 times
of charge and discharge cycle was 99.5%. After a storage test
for 30 days at 60° C. of the 4.3 V charged cell, the capacity

development ratio of the cell was 91%.

EXAMPLE 6

A positive electrode active material was prepared 1n the
same manner as in Example 1 except that tungsten oxide was
used instead of zirconium oxide, and composition analysis
and physical property measurement of the positive electrode
active material powder, and cell performance tests were
carrted out. As a vresult, the composition was
L1C0, 665 Wi 00501 0057F g 0073, and the F/Co atomic ratio
was 0.0073. Further, in powder X-ray diffraction using
CuKa-ray, the half value width of a diffraction peak on (110)
plane 1n the vicinity of 20=66.5£1° was 0.084°, and the half
value width of a diffraction peak on (003) plane 1n the
vicinity of 20=18.8x1° was 0.076°. The press density of the
powder was 2.87 g/cm”.

Further, 1n the X-ray diflraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.46 m~/g, and the average particle
s1ze D50 was 12.2 um. Fluorine and tungsten were unevenly
distributed on the surface.

Of a 4.3 V charged product of the positive electrode active
material powder, the heat generation starting temperature
was 174° C. The mitial discharge capacity at 25° C. at from
2.5 t0 4.3 V at a discharge rate of 0.25 C was 156.3 mAh/g,
the average discharge voltage at a discharge rate of 1.5 C
was 3.880 V, and the capacity retention ratio after 30 times
of charge and discharge cycle was 96.7%.

EXAMPLE 7

A positive electrode active material was prepared in the
same manner as i Example 1 except that molybdenum
oxide was used 1nstead of zirconium oxide, and composition
analysis and physical property measurement of the positive
clectrode active material powder, and cell performance tests
were carried out. As a result, the composition was
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L1C0, 66sM0Og 60501 09-6F 0 0074, and the F/Co atomic ratio
was 0.0074. Further, in powder X-ray diflraction using
CuKa-ray, the half value width of a diffraction peak on (110)
plane in the vicinity of 20=66.5x£1° was 0.080°, and the half
value width of a diffraction peak on (003) plane 1n the
vicinity of 20=18.8+£1° was 0.075°. The press density of the
powder was 2.88 g/cm”.

Further, 1n the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium tluoride was detected. Of the powder after firing, the
specific surface area was 0.29 m*/g, and the average particle
size D50 was 13.3 um. Fluorine and molybdenum were
unevenly distributed on the surtace.

Of a 4.3 V charged product of the positive electrode active
material powder, the heat generation starting temperature
was 187° C. The imitial discharge capacity at 25° C. at from
2.5 t0 4.3 V at a discharge rate of 0.25 C was 158.0 mAh/g,
and the average discharge voltage at a discharge rate of 1.5
C was 3.871 V. After a storage test for 30 days at 60° C. of
the 4.3 V charged cell, the capacity development ratio of the
cell was 90%.

EXAMPLE 8

A positive electrode active material was prepared in the
same manner as 1n Example 1 except that indium oxide was
used 1nstead of zirconium oxide, and 1ts composition analy-
si1s and physical property measurement, and cell perfor-
mance tests were carried out. As a result, the composition
was L1C0, 605104 50501 06-6F0 0074, and the F/Co atomic
ratio was 0.0074. Further, in powder X-ray diflraction using,
CuKa-ray, the half value width of a diffraction peak on (110)
plane in the vicinity of 20=66.5x£1° was 0.080°, and the half
value width of a diffraction peak on (003) plane in the
vicinity of 20=18.8x1° was 0.075°. The press density of the
powder was 2.87 g/cm”.

Further, in the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.29 m*/g, and the average particle

s1ze D30 was 13.3 um. Fluorine and indium were unevenly
distributed on the surface.

Of a 4.3 V charged product of the positive electrode active
material powder, the heat generation starting temperature
was 179° C. The mitial discharge capacity at 25° C. at from
2.5 10 4.3 V at a discharge rate of 0.25 C was 158.6 mAh/g,
and the average discharge voltage at a discharge rate of 1.5
C was 3.365 V.

EXAMPLE 9

A positive electrode active material was prepared 1n the
same manner as in Example 1 except that vanadium oxide
was used instead of zirconium oxide, and its composition
analysis and physical property measurement, and cell per-
formance tests were carried out. As a result, the composition
was [1Co, 505V 00501 9920F 5 0071. and the F/Co atomic
ratio was 0.0071. Further, in powder X-ray diflraction using
CuKa-ray, the half value width of a diffraction peak on (110)
plane in the vicinity of 20=66.5£1° was 0.078°, and the half
value width of a diffraction peak on (003) plane 1n the
vicinity of 20=18.8+£1° was 0.067°. The press density of the
powder was 2.88 g/cm”.

Further, in the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder, the specific
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surface area was 0.29 m®/g, and the average particle size
D50 was 14.0 um. Fluorine and vanadium were unevenly
distributed on the surface.

Of a 4.3 V charged product of the positive electrode active
material powder, the heat generation starting temperature
was 178° C. The mitial discharge capacity at 25° C. at from
2.5 10 4.3 V at a discharge rate of 0.25 C was 159.3 mAh/g,

and the average discharge voltage at a discharge rate of 1.5
C was 3.860 V.

COMPARATIV.

L1

EXAMPLE 1

A positive electrode active material was prepared in the
same manner as in Example 1 except that zirconium oxide
and lithium fluoride were not used, and composition analysis
and physical property measurement of the positive electrode
active material powder and cell performance tests were
carried out. As a result, the composition was L1CoQO,. Of the
powder after firing, the specific surface area was 0.30 m*/g,
and the average particle size D30 was 12.0 um.

Of a 4.3 V charged product of the positive electrode active
material powder, the heat generation starting temperature
was 160° C. The mitial discharge capacity at 25° C. at from
2.5 10 4.3 V at a discharge rate of 0.25 C was 160.9 mAh/g,
and the average discharge voltage at a discharge rate of 1.5
C was 3.870 V. The capacity retention ratio after 30 times of
charge and discharge cycle was 97.2%. Aflter a storage test
for 30 days at 60° C. of the 4.3 V charged cell, the capacity

development ratio of the cell was 86%.

COMPARAIITV.

L1

EXAMPLE 2

A positive electrode active material was prepared 1n the
same manner as in Example 2 except that lithium fluoride
was not used, and composition analysis and physical prop-
erty measurement of the positive electrode active material
powder and cell performance tests were carried out. As a
result, the composition was L1Co, 65114 50:0,. Of the pow-
der after firing, the specific surface area was 0.28 m*/g, and
the average particle size D30 was 14.5 um.

Of a 4.3 V charged product of the positive electrode active
material powder, the heat generation starting temperature
was 155° C. The mitial discharge capacity at 25° C. at from
2.5 10 4.3 V at a discharge rate of 0.25 C was 157.4 mAh/g,
and the average discharge voltage at a discharge rate of 1.5
C was 3.880 V. The capacity retention ratio after 30 times of
charge and discharge cycle was 98.6%. After a storage test
for 30 days at 60° C. of the 4.3 V charged cell, the capacity
development ratio of the cell was 75%.

COMPARATIV.

L1

EXAMPLE 3

A positive electrode active material was prepared 1n the
same manner as i Example 2 except that the addition
amount of lithium fluoride was changed, and composition
analysis and physical property measurement of the positive
clectrode active material powder and cell performance tests
were carried out. As a result, the composition was
L1C04 605115 00501 0sF5 o5, and the F/Co atomic ratio was
0.05. Further, in the X-ray diflraction spectrum of the
powder, a spectrum of a crystalline metal fluoride attribut-
able to lithrum fluoride was detected. Of the powder after
firing, the specific surface area was 0.32 m*/g, and the
average particle size D30 was 12.9 um.

Of a 4.3 V charged product of the positive electrode active
material powder, the heat generation starting temperature
was 175° C. The mitial discharge capacity at 25° C. at from
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2.5 t0 4.3 V at a discharge rate of 0.25 C was 140.2 mAh/g,
and the average discharge voltage at a discharge rate of 1.5
C was 3.881 V. The capacity retention ratio after 30 times of
charge and discharge cycle was 98.5%.

EXAMPLE 10

L1l

A positive electrode active material was produced in the
same manner as 1 Example 2 except that cobalt oxyhy-
droxide was used instead of tricobalt tetraoxide and the
addition amount of lithium fluoride was changed. Of cobalt
oxvhydroxide, from 50 to 120 primary particles having an
average particle size of 0.8 um were agglomerated to form
a secondary particle having a substantially spherical shape.
Of the obtained positive electrode active material, the com-
position was L1Co, 655115 50501 002:F 5 0014. the F/Co atomic
ratio was 0.0012, and the press density was 3.05 g/cm’.
Further, the positive electrode active material powder
reflected the shape of the material cobalt source. Namely, a
large number of primary particles which underwent crystal
growth were agglomerated to form secondary particles hav-
ing a substantially spherical shape.

Of the positive electrode active material, 1n powder X-ray
diffraction using CuKa-ray, the half value width of a dii-
fraction peak on (110) plane 1n the vicimity of 20=66.5+1°
was 0.112°, and the half value width of a diffraction peak on
(003) plane in the wvicinity of 20=18.8+1° was 0.097°.
Further, of the powder after firing, the specific surface area
was 0.38 m”/g, and the average particle size was 12.6 um. Of
the positive electrode active material powder, the heat
generation starting temperature was 175° C., the mitial
capacity was 160.2 mAh/g, the discharge average voltage at
a discharge rate of 1.5 C was 3.886 V, and the charge and
discharge cycle retention ratio was 98.9%.

Further, as a result of XPS analysis 1n the same manner as
in Example 1, fluorine and titanium were unevenly dis-
charged on the particle surface, and no crystalline metal
fluoride was detected 1n the X-ray diflraction spectrum.

EXAMPLE 11

L1l

L1C0o, 600Al5 61007 9030F 6 0070 Was prepared in the same
manner as 1n Example 4 except that aluminum hydroxide
and aluminum fluoride were used 1nstead of aluminum oxide
and lithium fluoride. The F/Co atomic ratio was 0.0070.

Of the positive electrode active material, 1n powder X-ray
diffraction using CuKa-ray, the half value width of a dii-
fraction peak on (110) plane 1n the vicimity of 20=66.5+1°
was 0.082° , and the half value width of a diffraction peak
on (003) plane 1n the vicinity of 20=18.8+1° was 0.065°. The
press density of the powder was 2.89 g/cm’. Further, the
specific surface area was 0.30 m*/g, and the average particle
s1ze was 13.6 um. Of the positive electrode active material
powder, the heat generation starting temperature was 178°
C., the mitial capacity was 157.6 mAh/g, the discharge
average voltage at a high rate was 3.860 V, the charge and
discharge cycle retention ratio was 99.5%, and the capacity
retention ratio after a 60° C. storage test was 94%.

Further, as a result of XPS analysis 1n the same manner as
in Example 1, aluminum and fluorine were unevenly dis-
tributed on the surface.

EXAMPLE 12

L1l

A positive electrode active material was prepared in the
same manner as 1n Example 1 except that magnesium
hydroxide was used instead of zircommum oxide, and its
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composition analysis and physical property measurement
and cell performance tests were carried out. As a result, the
composition was L1Co, 55-Mg; 10301 0973F 0 007, and the
F/Co atomic ratio was 0.0027. Further, in powder X-ray
diffraction using CuKa-ray, the haltf value width of a dii-
fraction peak on (110) plane 1n the vicimty of 20=66.5x1°
was 0.080°, and the half value width of a diffraction peak on
(003) plane 1n the vicinity of 20=18.8+1° was 0.087°. The

press density of the powder was 2.89 g/cm”.

Further, 1n the X-ray diflraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.31 m*/g, and the average particle
s1ze D50 was 12.9 um. As a result of XPS analysis of the
surface of the powder, a strong 2 s signal derived from Mg
and a strong F1 s signal derived from fluorine were detected.
With respect to the sample after washing with water, sput-
terings were carried out under conditions of 10 minutes and
20 minutes, and then XPS analysis was carried out, where-
upon no F1 s signal dernived from fluorine was detected.
These sputterings correspond to surface etchings with depths
of about 30 nm and about 60 nm, respectively. Further, with
respect to particles before washing with water, after sput-
tering of 10 minutes, the signal of Mg by means of XPS was
attenuated to 14% of the signal before the sputtering, and 1t
was found that Mg was unevenly distributed on the particle
surtace.

The heat generation starting temperature of a 4.3 V
charged product of the positive electrode active material
powder was 190° C. The imitial discharge capacity at 25° C.
at from 2.5 to 4.3 V at a discharge rate of 0.25 C was 161.4
mAh/g, the average discharge voltage at a discharge rate of
1.5 C was 3.763 V, and the capacity retention ratio after 30
times of charge and discharge cycle, was 99.9%.

EXAMPLE 13

A positive electrode active material was prepared 1n the
same manner as in Example 1 except that gallium hydroxide
was used instead ol zircontum oxide, and composition
analysis and physical property measurement of the positive
clectrode active material powder and cell performance tests
were carried out. As a result, the composition was
L1C04 665Ga5 00501 0021Fo 0010, and the F/Co atomic ratio
was 0.0019. Further, in powder X-ray diflraction using
CuKa-ray, the half value width of a diflraction peak on (110)
plane 1n the vicinity of 20=66.5£1° was 0.070°, and the half
value width of a diffraction peak on (003) plane 1n the
vicinity of 20=18.8x1° was 0.058°. The press density of the
powder was 2.88 g/cm”.

Further, 1n the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.33 m*/g, and the average particle
s1ze D50 was 13.7 um. Fluorine and galllum were unevenly
distributed on the surface. The heat generation starting
temperature of a 4.3 V charged product of the positive
clectrode active material powder was 187° C. The initial
discharge capacity at 25° C. at from 2.5 to 43 V at a
discharge rate of 0.25 C was 158.3 mAh/g, the average
discharge voltage at a discharge rate of 1.5 C was 3.838 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 97.4%.
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A positive electrode active material was prepared in the
same manner as in Example 1 except that magnesium
fluoride was used instead of zircomum oxide and lithium
fluoride, and composition analysis and physical property
measurement of the positive electrode active material pow-
der and cell performance tests were carried out. As a resullt,
the composition was L1C0o, 56:6ME0 601401 00706 0030, and
the F/Co atomic ratio was 0.0030. Further, in powder X-ray
diffraction using CuKa-ray, the half value width of a dii-
fraction peak on (110) plane 1n the vicimity of 20=66.5+1°
was 0.093°, and the half value width of a diffraction peak on
(003) plane 1n the vicinity of 20=18.8+1° was 0.075°. The
press density of the powder was 2.88 g/cm”.

Further, 1n the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
magnesium fluoride was detected. Of the powder after firing,
the specific surface area was 0.31 m®/g, and the average
particle size D50 was 13.5 um. Fluorine and magnesium
were unevenly distributed on the surface. The heat genera-
tion starting temperature of a 4.3 V charged product of the
positive electrode active material powder was 195° C. The
initial discharge capacity at 25° C. at from 2.5t0 4.3 V at a
discharge rate of 0.25 C was 161.0 mAh/g, the average
discharge voltage at a discharge rate of 1.5 C was 3.801 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 99.9%.

EXAMPL.

L1l

15

A positive electrode active material was prepared in the
same manner as i Example 1 except that manganese
hydroxide was used instead of zircommum oxide, and its
composition analysis and physical property measurement
and cell performance tests were carried out. As a result, the
composition was L1Co, oo-Mng, 50sO; ooasFo 0055, and the
F/Co atomic ratio was 0.00355. Further, in powder X-ray
diffraction using CuKa-ray, the half value width of a dii-
fraction peak on (110) plane 1n the vicimty of 20=66.5x1°
was 0.075°, and the half value width of a diffraction peak on
(003) plane in the vicinity of 20=18.8+1° was 0.070°. The

press density of the powder was 2.86 g/cm’.

Further, 1n the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.37 m*/g, and the average particle
size D50 was 12.6 um. Fluorine and manganese were
unevenly distributed on the surface. The heat generation
starting temperature of a 4.3 V charged product of the
positive electrode active material powder was 180° C. The
initial discharge capacity at 25° C. at from 2.5t0 4.3 V at a
discharge rate of 0.25 C was 157.2 mAh/g, the average
discharge voltage at a discharge rate of 1.5 C was 3.879 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 98.1%.

EXAMPL.

16
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A positive electrode active material was prepared in the
same manner as in Example 1 except that chromium oxide
was used instead of zircontum oxide, and composition
analysis and physical property measurement of the positive
clectrode active material powder and cell performance tests
were carried out. As a result, the composition was
L1C04 665CF5 00501 00s:F 0 0oan, and the F/Co atomic ratio

was 0.0042. Further, in powder X-ray diffraction using
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CuKa-ray, the haltf value width of a diflraction peak on (110)

plane 1n the vicinity of 20=66.5x£1° was 0.085°, and the half
value width of a diffraction peak on (003) plane 1n the
vicinity of 20=18.8x1° was 0.075°. The press density of the
powder was 2.87 g/cm”.

Further, 1n the X-ray diflraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.35 m*/g, and the average particle
size D50 was 12.0 um. Fluorine and chromium were
unevenly distributed on the surface. The heat generation
starting temperature of a 4.3 V charged product of the
positive electrode active material powder was 175°C. The
initial discharge capacity at 25°C. at from 2.5 to 4.3 V at a
discharge rate of 0.25 C was 158.3 mAh/g, the average
discharge voltage at a discharge rate of 1.5 C was 3.872 V,
and the capacity retention ratio after 30 times of charge and

discharge cycle, was 98.8%.

EXAMPLE 17

A positive electrode active material was prepared 1n the
same manner as in Example 1 except that tin oxide was used
instead of zirconium oxide, and 1ts composition analysis and
physical property measurement and cell performance tests
were carried out. As a result, the composition was
L1C04 605514 5007 994513,3 0055, and the F/Co atomic ratio
was 0.0055. Further, in powder X-ray diffraction using
CuKa-ray, the half value width of a diffraction peak on (110)
plane 1n the vicinity of 20=66.5x£1° was 0.075°, and the half
value width of a diffraction peak on (003) plane in the
vicinity of 20=18.8x1° was 0.061°. The press density of the
powder was 2.85 g/cm”.

Further, 1n the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium tluoride was detected. Of the powder after firing, the
specific surface area was 0.38 m*/g, and the average particle
size D50 was 12.9 um. Fluorine and tin were unevenly
distributed on the surface. The heat generation starting
temperature of a 4.3 V charged product of the positive
clectrode active material powder was 175° C. The initial
discharge capacity at 25° C. at from 2.5 to 4.3 V at a
discharge rate of 0.25 C was 159.9 mAh/g, the average
discharge voltage at a discharge rate of 1.5 C was 3.833 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 98.0%.

EXAMPLE 18

A positive electrode active material was prepared 1n the
same manner as i Example 1 except that germanium
hydroxide was used instead of zirconium oxide, and com-
position analysis and physical property measurement of the
positive electrode active material powder and cell perfor-
mance tests were carried out. As a result, the composition
was L1Co, 50:G€, 1050 99.6113(j 0030s and the F/Co atomic
ratio was 0.0039. Further, in powder X-ray diflraction using
CuKa-ray, the half value width of a diffraction peak on (110)
plane 1n the vicinity of 20=66.5£1° was 0.076°, and the half
value width of a diffraction peak on (003) plane 1n the
vicinity of 20=18.8+£1° was 0.058°. The press density of the
powder was 2.84 g/cm”.

Further, 1n the X-ray diflraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.38 m*/g, and the average particle
size D50 was 12.9 um. Fluorine and germanium were




Us 7,018,741 B2

19

unevenly distributed on the surface. The heat generation
starting temperature of a 4.3 V charged product of the
positive electrode active material powder was 174° C. The
initial discharge capacity at 25° C. at from 2.5 t0 4.3 V at a
discharge rate of 0.25 C was 160.1 mAh/g, and the average
discharge voltage at a discharge rate of 1.5 C was 3.831 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 98.2%.

EXAMPL.

L1l

19

A positive electrode active material was prepared in the
same manner as 1 Example 1 except that iron hydroxide
was used instead of zircontum oxide, and composition
analysis and physical property measurement of the positive
clectrode active material powder and cell performance tests
were carried out. As a result, the composition was
L1C0o, gosF€) 00501 9,957,,13D ooazs and the F/Co atomic ratio
was 0.0043. Further, in powder X-ray diflraction using
CuKa-ray, the half value width of a diffraction peak on (110)
plane in the vicinity of 20=66.5£1° was 0.085°, and the half
value width of a diffraction peak on (003) plane in the
vicinity of 20=18.8+£1° was 0.075°. The press density of the
powder was 2.83 g/cm”.

Further, 1n the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.35 m*/g, and the average particle
s1ize D50 was 12.9 um. Fluorine and iron were unevenly
distributed on the surface. The heat generation starting
temperature of a 4.3 V charged product of the positive
clectrode active material powder was 180° C. The mitial
discharge capacity at 25° C. at from 2.5 to 4.3 V at a
discharge rate of 0.25 C was 159.9 mAh/g, the average
discharge voltage at a discharge rate of 1.5 C was 3.831 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 98.3%.

EXAMPL.

20

(Ll

A positive electrode active material was prepared in the
same manner as in Example 4 except that aluminum hydrox-
1de was used instead of zirconium oxide and adding amounts
of lIithitum fluoride and aluminum hydroxide were changed.,
and composition analysis and physical property measure-
ment of the positive electrode active material powder and
cell performance tests were carried out. The composition of
the  positive  electrode  active  material  was
L1C0o, 60:Aly 00501 0021F 5 0010 and the F/Co atomic ratio
was 0.0019. The half value width of a diffraction peak on
(110) plane 1n the vicinity of 20=66.5+1° was 0.077°, and
the halt value width of a diffraction peak on (003) plane in
the vicinity of 20=18.8x1° was 0.065°. The press density of
the powder was 2.87 g/cm”.

Further, 1n the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.30 m*/g, and the average particle
size D50 was 13.9 um. Fluorine and aluminum were
unevenly distributed on the surface. The heat generation
starting temperature of a 4.3 V charged product of the
positive electrode active material powder was 175° C. The
initial discharge capacity at 25° C. at from 2.5 10 4.3 V at a
discharge rate of 0.25 C was 160.2 mAh/g, the average
discharge voltage at a discharge rate of 1.5 C was 3.851 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 99.1%.
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A positive electrode active material was prepared in the
same manner as 1 Example 2 except that the addition
amount of lithium fluoride was changed, and 1ts composition
analysis and physical property measurement and cell per-
formance tests were carried out. The press density of the
powder was 2.80 g/cm’. The composition of the positive
electrode active material was L1Co, 555115 5050 0083F 0 00175
and the F/Co atomic ratio was 0.0017. The half value width
of a diffraction peak on (110) plane 1n the vicinity of
20=66.5+1° was 0.102°, and the haltf value width of a
diffraction peak on (003) plane 1n the vicinity of 20=18.8+1°
was 0.091°.

Further, 1n the X-ray diflraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.32 m~/g, and the average particle
s1ze D50 was 12.7 um. Fluorine and titammum were unevenly
distributed on the surface. The heat generation starting
temperature of a 4.3 V charged product of the positive
clectrode active material powder was 175° C. The initial
discharge capacity at 25° C. at from 2.5 to 4.3 V at a
discharge rate of 0.25 C was 153.3 mAh/g, the average
discharge voltage at a discharge rate of 1.5 C was 3.885 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 98.9%.

EXAMPL.

L1

22

A positive electrode active material was prepared in the
same manner as 1 Example 20 except that cobalt oxyhy-
droxide, of which a large number of primary particles were
agglomerated to form secondary particles having a substan-
tially spherical shape, was used 1nstead of cobalt oxide, and
the lithium fluoride addition amount was changed, and
composition analysis and physical property measurement of
the positive electrode active material powder and cell per-
formance tests were carried out.

The composition of the positive electrode active material
was L1Co, 503Al; 50201 9060F 6 0031, the F/Co atomic ratio
was 0.0031, and the press density was 3.03 g/cm’. Further,
the positive electrode active material powder reflected the
shape of cobalt oxyhydroxide as the material cobalt source,
and a large number of primary particles were agglomerated

to form secondary particles having a substantially spherical

shape. The half value width of a diflraction peak on (110)
plane 1n the vicinity of 20=66.5£1° was 0.094°, and the half
value width of a diffraction peak on (003) plane in the

vicinity of 20=18.8x1° was 0.080°.

Further, 1n the X-ray diffraction spectrum of the powder,
no spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the
specific surface area was 0.32 m*/g, and the average particle
size D50 was 12.5 um. Fluorine and aluminum were
unevenly distributed on the surface. The heat generation
starting temperature of a 4.3 V charged product of the
positive electrode active material powder was 179° C. The
initial discharge capacity at 25° C. at from 2.5t0 4.3 V at a

discharge rate of 0.25 C was 161.3 mAh/g, the average

discharge voltage at a discharge rate of 1.5 C was 3.867 V,
and the capacity retention ratio after 30 times of charge and
discharge cycle, was 99.8%.




Us 7,018,741 B2

21
COMPARATIVE

EXAMPLE 4

A positive electrode active material was prepared in the
same manner as in Example 2 except that lithium fluoride
addition amount was changed, and composition analysis and
physical property measurement of the positive electrode
active material powder and cell performance tests were
carried out. The composition of the positive electrode active
material was L1Co, 6511, 0050 970F 0 03gs @nd the F/Co
atomic ratio was 0.030. Of the powder after firing, the
specific surface area was 0.35 m”/g, and the average particle
s1ize D50 was 14.1 um. The heat generation starting tem-
perature of a 4.3 V charged product of the positive electrode
active material powder was 174° C. The mitial discharge
capacity at 25° C. at from 2.5 to 4.3 V at a discharge rate of
0.25 C was 148.3 mAh/g, the average discharge voltage at
a discharge rate of 1.5 C was 3.880 V, and the capacity

retention ratio after 30 times of charge and discharge cycle,
was 98.5%.

COMPARAIITV.

T

EXAMPLE 5

A positive electrode active material was prepared 1n the
same manner as in Example 4 except that lithium fluoride
addition amount was changed, and composition analysis and
physical property measurement of the positive electrode
active material powder and cell performance tests were
carried out. The composition of the positive electrode active
material was Li1Cog gosAly 00501 075F 5 952, and the F/Co
atomic ratio was 0.028. Of the powder after firing, the
specific surface area was 0.37 m”/g, and the average particle
s1ize D50 was 13.5 um. The heat generation starting tem-
perature of a 4.3 V charged product of the positive electrode
active material powder was 174° C. The mitial discharge
capacity at 25° C. at from 2.5 to 4.3 V at a discharge rate of
0.25 C was 147.5 mAh/g, the average discharge voltage at
a discharge rate of 1.5 C was 3.841 V, and the capacity
retention ratio after 30 times of charge and discharge cycle,
was 99.2%.

COMPARAIIVE

EXAMPLE 6

A positive electrode active material was prepared in the
same manner as i Example 5 except that lithium fluoride
was not used, and its composition analysis and physical
property measurement and cell performance tests were car-
ried out. The composition of the positive electrode active
material was L1Cog, g0< Y5 00505, and the F/Co atomic ratio
was 0.0.

Of the powder after firing, the specific surface areca was
0.30 m*/g, and the average particle size D50 was 14.7 um.
The heat generation starting temperature of a 4.3 V charged
product of the positive electrode active material powder was
154° C. The mnitial discharge capacity at 25° C. at from 2.5
to 4.3 V at a discharge rate of 0.25 C was 160.8 mAh/g, the
average discharge voltage at a discharge rate of 1.5 C was
3.837 V, and the capacity retention ratio after 30 times of
charge and discharge cycle, was 95.6%.

EXAMPL.

23
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A positive electrode active material was produced in the
same manner as 1 Example 1 except that cobalt oxyhy-
droxide was used instead of tricobalt tetraoxide, and the
addition amount of lithium fluoride was changed. Of cobalt
oxvhydroxide, from 50 to 120 primary particles having an
average particle size of 0.8 um were agglomerated to form
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a secondary particle having a substantially spherical shape.
The obtained positive electrode active material had a com-
position of Li1Co, 665215 00501 09--Fn 5973, and its F/Co
atomic ratio was 0.0073, and the press density was 3.10
g/cm’. Further, the positive electrode active material powder
reflected the shape of the material cobalt source. Namely, a
large number of primary particles which underwent crystal
growth were agglomerated to form secondary particles hav-
ing a substantially spherical shape.

Of the positive electrode active material, in powder X-ray
diffraction using CuKa-ray, the half value width of a dii-
fraction peak on (110) plane in the vicimty of 20=66.5+1°
was 0.093°, and the half value width of a diffraction peak on
(003) plane 1n the vicmity of 20=18.8+£1° was 0.085°.
Further, the specific surface area was 0.33 m*/g, the particle
s1ze was 12.9 um, the heat generation starting temperature
was 180° C., the mitial capacity was 161.7 mAh/g, the
average discharge voltage at a discharge rate of 1.5 C was
3.874 V, and the charge and discharge cycle retention ratio

was 99.2%.

Further, as a result of XPS analysis in the same manner as
in Example 1, fluorine and zircontum were unevenly dis-
tributed on the particle surface, and no crystalline metal
fluoride was detected in the X-ray diffraction spectrum.

COMPARATITV.

(L]

EXAMPLE 7

A positive electrode active material was prepared in the
same manner as in Example 1 except that lithium fluoride
was not used, and its composition analysis and physical
property measurement and cell performance tests were car-
ried out. As a result, the composition was

L1C0g 905215 0055

Of the powder after firing, the specific surface area was
0.30 m*/g, and the average particle size D50 was 14.1 um.
The heat generation starting temperature of a 4.3 V charged
product was 160° C. The initial discharge capacity at 25° C.
at from 2.5 to 4.3 V at a discharge rate of 0.25 C was 1358.7
mAh/g, and the average discharge voltage at a discharge rate
of 1.5 C was 3.871 V. The capacity retention ratio after 30
times ol charge and discharge cycle, was 98.1%.

COMPARAIITV.

L1

EXAMPLE 8

A positive electrode active material was prepared in the
same manner as in Example 1 except that the addition
amount of lithium fluoride was changed, and 1ts composition
analysis and physical property measurement and cell per-
formance tests were carried out. As a result, the composition

was L1Co, 695215 5057 osF5 5, and the F/Co atomic ratio
was 0.05.

Further, 1n the X-ray diffraction spectrum of the powder,
a spectrum of a crystalline metal fluoride attributable to
lithium fluoride was detected. Of the powder after firing, the

specific surface area was 0.31 m*/g, and the average particle
size D50 was 12.3 um. The heat generation starting tem-
perature of a 4.3 V charged product of the positive electrode
active material powder was 175° C. The mitial discharge
capacity at 25° C. at from 2.5 to 4.3 V at a discharge rate of
0.25 C was 138.0 mAh/g, and the average discharge voltage
at a discharge rate of 1.5 C was 3.870 V. The capacity
retention ratio after 30 times of charge and discharge cycle,
was 98.3%.




Us 7,018,741 B2

23
EXAMPL,

(L]

24

A positive electrode active material was produced in the
same manner as in Example 1 except that cobalt hydroxide
was used 1nstead of tricobalt tetraoxide, and the addition
amount of lithium fluoride was changed. Of cobalt hydrox-
ide, from 60 to 200 primary particles of 0.6 um were
agglomerated to form a secondary particle having a sub-
stantially spherical shape. The obtained positive electrode
active material had a composition of
L1C04 665215 00501 0975F 5 5025, 1ts F/Co atomic ratio was
0.0025, and the press density was 3.23 g/cm”. Further, the
positive electrode active material powder basically reflected
the shape of the material cobalt source. Namely, a large
number of primary particles, while they underwent crystal
growth, were agglomerated to form secondary particles
having a substantially spherical shape.

Of the positive electrode active material, in powder X-ray
diffraction using CuKa-ray, the half value width of a dii-
fraction peak on (110) plane 1n the vicimity of 20=66.5x1°
was 0.097°, and the half value width of a diffraction peak on
(003) plane in the wvicinity of 20=18.8+1° was 0.092°.
Further, of the powder after firing, the specific surface area
was 0.34 m*/g, the particle size was 13.7 um. Of the positive
clectrode active material powder, the heat generation start-
ing temperature was 178° C., the initial capacity was 161.5
mAh/g, the average discharge voltage at a discharge rate of
1.5 C was 3.876 V, and the charge and discharge cycle
retention ratio was 99.4%.

Further, as a result of XPS analysis 1n the same manner as
in Example 1, fluorine and zirconium were unevenly dis-
tributed on the particle surface, and no crystalline metal
fluoride was detected 1n the X-ray diflraction spectrum.

According to the present invention, a particulate positive
clectrode active material for a lithium secondary cell which
satisfies high charge and discharge cyclic durability, high
safety, high temperature storage properties, a high discharge
average voltage, large current discharge properties, a high
weilght capacity density, a high volume capacity density, etc.
in a well-balanced manner can be provided.

The entire disclosures of Japanese Patent Application No.
2002-038974 filed on Feb. 15, 2002 and Japanese Patent

Application No. 2002-107786 filed on Apr. 10, 2002 includ-
ing specifications, claims and summaries are incorporated
herein by reference in their entireties.

What 1s claimed 1s:

1. A particulate positive electrode active material for a
lithium secondary cell, which 1s represented by the formula
L1,Co M, OF, (wherein M 1s at least one element selected

from Groups 2 to 8, 13 and 14 of the Periodic Table,
0.9=p=1.1, 0.980=x=0.9999, 0.0001=y=0.02,
1.92z=2.1, 0.9=x+y=1 and 0.0001=a=0.02), wherein
fluorine atoms and element M atoms are unevenly distrib-
uted on the particle surface, the atomic ratio of fluorine
atoms to cobalt atoms (a/x) 1s from 0.0001 to 0.008, and 1n
powder X-ray diflraction using CuKao-ray, the half value
width of the angle of diffraction on (110) plane 1s from 0.06
to 0.13°, and the half value width of the angle of difiraction
on (003) plane 1s from 0.05 to 0.12° and wherein no crystal
metal fluoride detectable by an X-ray diffraction method 1s
present on the particle surface.

2. The particulate positive electrode active matenal for a
lithium secondary cell according to claim 1, wherein the
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fluorine atoms are unevenly distributed within 100 nm from
the particle surface, and the element M atoms are unevenly
distributed within 100 nm from the particle surface.

3. The particulate positive electrode active material for a
lithium secondary cell according to claim 2, wherein the
element M is tetravalent, the ion radius is from 0.1 to 0.9 A.

4. The particulate positive electrode active matenal for a
lithium secondary cell according to claim 1, wherein at least
a part of the fluorine atoms 1s a solid solution replaced with
oxygen atoms in the interior of the particles, and at least a
part of the element M atoms 1s a solid solution which
replaces cobalt atoms in the interior of the particles.

5. The particulate positive electrode active matenal for a
lithium secondary cell according to claim 4, wherein the
element M is tetravalent, the ion radius is from 0.1 to 0.9 A.

6. The particulate positive electrode active matenal for a
lithium secondary cell according to claim 1, wherein the
element M 1s at least one member selected from Zr, Ti, V,
Nb, Ge, Sn, Al, In, Y, Mo, W, Ga, Mg, Cr, Mn and Fe.

7. The particulate positive electrode active material for a
lithium secondary cell according to claim 6, wherein the
element M is tetravalent, the ion radius is from 0.1 to 0.9 A.

8. The particulate positive electrode active material for a

lithium secondary cell according to claim 1, wherein when
the element M 1s bivalent, trivalent or tetravalent, the 1on

radius is from 0.3 to 0.9 A.

9. The particulate positive electrode active material for a
lithium secondary cell according to claim 1, wherein the
element M is tetravalent, the ion radius is from 0.1 to 0.9 A.

10. A Iithium secondary cell comprising, the particulate
positive electrode active material as claimed in claim 9.

11. A lithium secondary cell comprising, the particulate
positive electrode active material as claimed in claim 1.

12. A process for producing the particulate positive elec-
trode active material for a lithium secondary cell as defined
in claim 1, which comprises firing a mixture of at least one
member selected from an element M-containing oxide, an
clement M-containing hydroxide and an element M-contain-
ing oxvhydroxide, lithium fluoride, and cobalt hydroxide,
cobalt oxyhydroxide or cobalt oxide, and lithium carbonate,
at from 600 to 1050° C. 1n an oxygen-containing atmosphere
for from 1 to 48 hours.

13. A process for producing the particulate positive elec-
trode active material for a lithium secondary cell as defined
in claim 1, which comprises firing a mixture of an element
M-containing tluoride, and cobalt hydroxide, cobalt oxyhy-
droxide or cobalt oxide, and lithium carbonate, at from 600
to 1050° C. in an oxygen-containing atmosphere for from 1
to 48 hours.

14. A process for producing the particulate positive elec-
trode active material for a lithium secondary cell as defined
in claim 1, which comprises firing a mixture of at least one
member selected from an element M-containing oxide, an
clement M-containing hydroxide element, an M-containing
oxyhydroxide and an M-containing tluoride, lithium fluoride
(except for a case where an element M-containing fluoride
1s used), cobalt hydroxide and/or cobalt oxyhydroxide
formed by agglomeration of a large number of primary
particles, and lithium carbonate, at from 600 to 1050° C. 1n
an oxygen-containing atmosphere for from 1 to 48 hours.
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